IMPORTANCE Diagnostic error is an important source of medical error. Overdiagnosis of optic neuritis may prompt unnecessary and costly diagnostic tests, procedures, and treatments.
O ptic neuritis is an acute inflammatory demyelinating optic neuropathy that can occur in isolation or herald other underlying diseases, such as multiple sclerosis (MS) or neuromyelitis optica. [1] [2] [3] [4] [5] [6] [7] [8] Optic neuritis classically presents with acute to subacute central visual loss, pain with eye movements, and dyschromatopsia. Diagnosis is based on presenting symptoms, time course, and examination findings consistent with optic neuropathy, such as abnormal visual acuity, visual fields, color vision, or the presence of a new relative afferent pupillary defect (APD). [1] [2] [3] [4] [5] [6] [7] [8] Diagnosis may be supported by neuroimaging studies, such as magnetic resonance imaging (MRI). [1] [2] [3] [4] [5] Optic disc swelling may be present but is not mandatory for diagnosis; the inflammation is retrobulbar in two-thirds of patients. 1, 3, [6] [7] [8] Treatment with intravenous corticosteroids 2, 9 or megadose oral corticosteroids [10] [11] [12] hastens visual recovery, and further diagnostic investigation with MRI or lumbar puncture is often performed to stratify the risk of progression to MS. [2] [3] [4] [5] [6] [7] [8] 13 In many cases, diagnostic error does not reflect gaps in knowledge but rather reasoning errors or cognitive biases, such as premature closure and anchoring bias. [14] [15] [16] [17] [18] [19] [20] One prior study 14 reported up to 74% of diagnostic errors may be caused by cognitive factors. Other studies have shown that alternative diagnoses, such as other optic neuropathies, ocular surface disease, and primary headache disorders, may be mistaken for optic neuritis. 6, 13, [21] [22] [23] Previously reported rates of overdiagnosis in patients referred for optic neuritis range from 9% to 37%. 13, [21] [22] [23] Overdiagnosis in patients with alternative conditions may lead to unnecessary MRIs, lumbar punctures, treatments, loss of time, and expense. The objective of this study is to assess the incidence of and characterize factors contributing to overdiagnosis of optic neuritis in the neuro-ophthalmology outpatient clinic at a tertiary care center. The intent is both to determine the diagnoses most likely to be mistaken for optic neuritis and to identify common pitfalls in assessing for optic neuritis to improve the diagnostic process and minimize medical errors.
Methods
All new patient encounters in neuro-ophthalmology at the Washington University in St Louis Department of Ophthalmology and Visual Sciences Center for Advanced Medicine Eye Center, a university-based Midwestern clinic in the United States, scheduled between January 2014 and October 2016 were reviewed to identify patients referred with "optic neuritis" in our electronic medical record scheduling comments. Referral materials and patient encounter notes were then independently and systematically reviewed by L.S., N.H.K., and G.P.V.S. Patients were included in the study if the referral notes indicated that the referral to neuro-ophthalmology was prompted by the clinician's concern that acute optic neuritis was the most likely diagnosis. Patients were excluded if, despite the scheduling comment being "optic neuritis," review of the referral notes revealed that the referral was in fact for optic pallor, a remote episode of optic neuritis, or an alternative diagnosis. Patients with insufficient outside records to determine the diagnosis on referral were also excluded. Institutional review board approval was obtained from the Washington University in St Louis Human Research Protection Office. The research adhered to the tenets of the Declaration of Helsinki. Informed consent was waived because data were deidentified.
Demographic data, including age, sex, specialty of referring clinician, and prior established diagnosis of MS or neuromyelitis optica, were collected. Initial symptoms, examination findings, diagnostic testing, and treatments prior to referral to neuro-ophthalmology were also recorded.
Definite diagnosis of optic neuritis was extracted from medical records and had been determined by a neuroophthalmologist (G.P.V.S. or C.M.M.) using history, a structured clinical examination (including acuity, color, and the presence or absence of a relative APD), visual fields, funduscopy, and MRI when available or clinically indicated.
For erroneously diagnosed cases of optic neuritis, the Diagnosis Error Evaluation and Research (DEER) taxonomy tool 24,25 was applied to identify the type of diagnostic error and to evaluate where in the diagnostic process the problem occurred. The DEER classification was assigned by consensus based on the major cause of diagnostic error.
Statistical Methods
The mean, standard deviation, and range are reported for continuous measures. Comparisons between the group diagnosed as having optic neuritis and group not diagnosed as having optic neuritis were conducted using 2-group t tests. For categorical measures, percentages are reported, and the comparisons are conducted using either the χ 2 test or the Fisher exact test. Analysis of the overdiagnosis rate was restricted to ophthalmology, optometry, and neurology; family medicine and neuro-ophthalmology had insufficient sample sizes for this analysis. Statistical analyses were performed using SAS version 9.4 (SAS Institute).
All P values were 2-tailed, and statistical significance was set at P < .05.
Results
A total of 219 patient encounters were initially captured using the search term optic neuritis. Of these, 87 were excluded be-
Key Points
Question What is the overdiagnosis rate of optic neuritis and what are some causes of overdiagnosis?
Findings In this cross-sectional study of 122 patients referred for optic neuritis, optic neuritis was overdiagnosed in 73 patients (59.8%). The most common errors appeared to result from overreliance on a single item of history or failure to consider alternative diagnoses.
Meaning Eye pain should be considered in context with other symptoms, and headache, nonarteritic ischemic optic neuropathy, functional visual loss, and other alternative diagnoses should be considered in the differential diagnosis. cause the referral notes indicated that the referrals were for conditions other than acute optic neuritis ( Figure) . Of the 122 included patients who were referred for optic neuritis, 49 (40.2%; 95% CI, 31.4-49.4) were ultimately diagnosed as having optic neuritis, and 73 (59.8%; 95% CI, 50.6-68.6) did not have optic neuritis (Figure) . The mean age of the patients diagnosed as having optic neuritis was younger than patients found to have alternative diagnoses, and more of the patients diagnosed as having optic neuritis had a known diagnosis of MS; otherwise, there were no significant demographic differences between the 2 groups ( Table 1) . There was not a significant difference in overdiagnosis by referral source ( Table 2) . Table 4 details the diagnostic errors assigned based on DEER criteria. The most common diagnostic errors were in eliciting or interpreting critical elements of history, which occurred in 24 of 73 patients (33%). Examples of failure to elicit critical elements of the history included failure to elicit that episodes of vision loss were stereotyped, recurrent, or isolated events or that the vision loss was bilateral. Examples of failure to weigh items of the history included overreliance on a known diagnosis of MS or a previous episode of optic neuritis. However, one of the more common examples of failure to weigh elements of history was overweighing the presence of eye pain or pain with eye movements. This was the critical diagnostic error in 9 patients (12%) found to have an alternative diagnosis. Overall, eye pain or pain with eye movements was documented in the referral notes for 21 patients (29%) who were found to have an alternative diagnosis.
The second most common category of error was in weighing or considering alternative diagnoses, which occurred in 23 patients (32%). Most commonly, this was because of failure to consider common diagnoses, such as NAION, or functional visual loss, but in some cases, the error was due to a failure to consider rare diagnoses, such as neuroretinitis or optic nerve sheath meningioma. Abbreviation: NA, not applicable. a P = .85. The P value refers to a χ 2 test comparing misdiagnosis rates among Ophthalmology (64%), optometry (58%), and neurology (58%), indicating that there is no significant difference in overdiagnosis among these 3 specialties. Family medicine and neuro-ophthalmology were excluded from the analysis, as they had referred only 2 and 1 patients, respectively.
The next most common category of error was in weighing or interpreting physical examination findings, which occurred in 15 patients (21%). There were several examples of misinterpretation of an anomalous disc. In addition, 2 errors (3%) were due to underweighing the fact that a patient had normal examination findings (in these patients, a normal examination was documented by the referring physician). Three errors (4%) were due to overemphasis on red cap desaturation in a patient who had otherwise normal examination findings.
The presence of an APD was also statistically significantly associated with the correct diagnosis of optic neuritis. Patients for whom referral notes documented a positive APD were diagnosed as having optic neuritis in 27 of 40 patients (68%). Patients for whom referral notes documented that an APD was not found were diagnosed as having optic neuritis in 10 of 47 patients (21%). Patients for whom referral notes did not document whether an APD was checked were diagnosed as having optic neuritis in 12 of 25 patients (48%).
Other errors were due to misinterpretation of diagnostic test results, which occurred in 11 patients (15%). Most commonly, this was an erroneous read by the radiologist that the optic nerve was enhancing or concerning for optic neuritis, which occurred in 6 patients (8%). Of the 73 patients who were not diagnosed as having optic neuritis, 12 (16%) had normal MRI results preceding the referral, 12 (16%) had received a lumbar puncture, and 8 (11%) had received unnecessary treatment with intravenous steroids.
Discussion
These data, if representative of other neuro-ophthalmology practices, suggest that between 51% and 69% of patients referred for optic neuritis may have an alternative diagnosis, regardless of whether the patient was referred by an optometrist, ophthalmologist, or neurologist. There were several notable patterns of diagnostic error and cognitive bias that emerged in this study. While symptoms of eye pain and pain with eye movements should raise concern for optic neuritis, eye pain, particularly without associated visual loss, may also be caused by a primary headache disorder. 26, 27 Pain with eye movements is one nonspecific clinical feature of optic neuritis and should not be overweighed. The time course of pain and visual loss is particularly important to achieving a correct diagnosis. Several patients in our study described discrete, stereotyped episodes of visual loss most consistent with migraine aura, a pattern that would be extraordinarily unusual for optic neuritis.
Patients with a known diagnosis of MS were more likely to have optic neuritis. However, 4% of the patients with known MS who were referred for optic neuritis had an alternative diagnosis. Patients with a known diagnosis of MS who present with eye pain or vision loss may actually have an alternative diagnosis, which may be delayed if physicians do not consider other conditions because of overreliance on the history of MS to make a diagnosis of optic neuritis.
Discounting normal examination findings was a common source of diagnostic error in this study. Normal examination findings are reassuring and virtually exclude the diagnosis of acute optic neuritis. Red desaturation is subjective and should not be overweighed, particularly if the examination results are otherwise normal. Optic discs with an anomalous appearance may mimic optic disc edema and lead to an erroneous diagnosis of optic neuritis. Importantly, an APD was one of the more consistent examination findings that correlated with a true diagnosis of optic neuritis. The lack of an APD strongly argues against a diagnosis of acute optic neuritis unless there is bilateral optic nerve involvement.
Overweighing or misinterpreting MRI findings led to a substantial portion of the diagnostic errors. In these cases, an MRI read as having possible optic nerve enhancement was overweighed despite an overall clinical picture that did not support a diagnosis of optic neuritis. It is even more striking that 17% of patients falsely diagnosed as having optic neuritis already had normal MRI results before the referral. If MRI is performed, T2 hyperintensity and/or enhancement of the optic nerve should be seen in nearly all cases of true optic neuritis, although sensitivity is dependent on the quality of the images and the magnet strength. Gadolinium-enhanced fat-suppressed MRI of the orbits has been shown to be up to 94% sensitive for the detection of optic neuritis. 28 Failure to consider or appropriately weigh alternative diagnoses was the second most common type of error. Most notably, this was failure to consider headache or NAION. Strikingly, patients who were older than 50 years were more likely to have been overdiagnosed than younger patients. This may reflect the higher incidence of NAION in patients older than 50 years. It is important to consider NAION as a possible diagnosis in patients older than 50 years who present with vision loss and optic nerve edema.
Limitations
This study has limitations. The assignment of DEER categories is inherently subjective. In many cases, there were multiple sources of diagnostic error, and there could be arguments made for more than one of the DEER categories to be assigned as the primary source of error. Similarly, the determination of the source of diagnostic error was dependent on the detail of available referral records. By necessity, our study was limited by the accuracy of the information in the referral documents available. Additionally, the study was affected by the limitations of our electronic medical record. We identified potential patients based on having "optic neuritis" in the scheduling comments. When we searched our database of final diagnoses, we found 12 additional patients within the time span of our study who were diagnosed as having optic neuritis but who had not been captured by our scheduling comment search, indicating that our search for patients with "optic neuritis" in the scheduling comments did not capture every patient who was ultimately diagnosed as having optic neuritis in our clinic. (These 12 patients were not included in the study, as the aim of the study was to evaluate for overdiagnosis of optic neuritis.) Also, race/ethnicity data were not collected. Finally, our study was limited to a single, university-based Midwestern tertiary care neuroophthalmology clinic. It is unknown to what extent this generalizes to other clinic settings or other geographic areas. For example, it is possible that some patients were referred to this tertiary center because their cases were particularly ambiguous or challenging. Therefore, this study may not necessarily reflect the rate of overdiagnosis of all cases of optic neuritis.
Conclusions
The primary aim of this study was to identify pitfalls or cognitive biases that may lead to an incorrect diagnosis of optic neuritis to help physicians avoid similar clinical errors and prevent unnecessary testing or treatment with costly and invasive procedures, such as lumbar puncture, MRI, or treatment with high-dose steroids. An overdiagnosis rate of nearly 60% for those referred with acute optic neuritis was higher than previously published in the literature. Overdiagnosis was most commonly caused by errors in taking the history and errors in generating a complete differential diagnosis.
Physicians may implement these findings into their clinical practice by making note of common pitfalls that may arise in the diagnosis of optic neuritis. For example, it is important to consider eye pain in context with other symptoms, to elicit a detailed history with special emphasis on the time course of symptoms, and to avoid premature closure on a diagnosis of optic neuritis by considering headache, NAION, functional visual loss, and other alternative diagnoses.
